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GEOHYDROLOGY OF THE CLAIBORNE GROUP

GEOHYDROLOGIC SIGNIFICANCE OF LITHOFACIES OF THE
COCKFIELD FORMATION OF LOUISIANA AND MISSISSIPPI

AND OF THE YEGUA FORMATION OF TEXAS

By J. N. PAYNE

ABSTRACT

The study of the Cockfield and Yegua Formations is the 
second part of an investigation of the geohydrology of the 
Claiborne Groupe of Eocene age.

The major structural features shown the structure-contour 
map of the top of the Cockfield and Yegua Formations are the 
north limb of the gulf coast geosyncline, the Mississippi embay- 
ment, La Salle arch, and Jackson dome. The Wiggins arch and 
Perry basin are reflected on the isopach map. Thickening and 
thinning of the Cockfield and Yegua Formations over structures 
indicate structural movement during Cockfield and Yegua time.

There are two depocenters in the Cockfield and Yegua For­ 
mations, one centered in the area of Montgomery, Liberty, and 
Hardin Counties, Tex., where the maximum thickness is about 
1,700 feet, and the other is centered in the area of Duval and 
Webb Counties, Tex., where the maximum thickness exceeds 
1,500 feet.

Sand-percentage and maximum sand-unit thickness maps 
show that the Cockfield and Yegua Formations in Louisiana, 
Mississippi, and eastern Texas consists of sediments deposited 
in a deltaic-fluvial-plain environment. An interlacing channel 
system was well developed in the area during Cockfield and 
Yegua time that is thought to be the record of the ancestral 
Mississippi and Trinity River systems. From Walker County, 
Tex., southwestward to Duval and Webb Counties, the maps 
of sand percentage and maximum sand-unit thickness suggest 
that an alongshore and nearshore environment of deposition 
was predominant.

The relation of permeability and transmissibility of the Cock- 
field Formation to geologic factors is similar to the relation 
found in the Sparta Sand. Limited data indicate that the 
coefficient of permeability increases with increase in thickness 
of the sand body. As a consequence of this relation between 
permeability and thickness, the areas of greater transmissi­ 
bility are found along channel paths where thick sand units 
were deposited.

Recharge of the Cockfield and Yegua Formations is accom­ 
plished by direct precipitation in the outcrop area, by leakage 
from other aquifers, and, to a minor extent, by seepage from 
streams. Natural discharge from the Cockfield and Yegua 
Formations takes place primarily by leakage through overlying 
confining beds. The direction of flow of water in the Cockfield 
and Yegua Formations is toward the gulf coast geosyncline 
and the Mississippi River alluvial valley, as they are the two 
principal areas of discharge.

The water in the Cockfield and Yeguga Formations contains 
appreciable amounts of calcium and magnesium in, and for short 
distances downdip from, the outcrop and in the area where the 
Cockfield Formation is directly overlain by Mississippi River 
alluvium. In these areas the water is moderately to very hard. 
Based on anion ratios, waters from the Cockfleld and Yegua 
Formations have been grouped into (1) the bicarbonate-water 
province, (2) the chloride-water province, and (3) the sulfate- 
water province.

Differences in lithologic distribution and of altitude of the 
piezometric surfaces are vividly reflected in the regional dis­ 
tribution of the dissolved-solids content of waters in the sands 
of the Cockfield and Yegua Formations.

INTRODUCTION 
PURPOSE AND SCOPE

The investigation of the hydrologic significance of 
the lithof acies of the Cockfield and Yegua Formations 
was undertaken as the second part of a study of the 
geohydrology of formations of the Claiborne Group of 
Eocene age. The report on the results of this investiga­ 
tion describes and evaluates the relations of stratig­ 
raphy, structure, facies development, and depositional 
controls to the hydraulic characteristics of the Cockfield 
and Yegua Formations in parts of Louisiana, Missis­ 
sippi, and Texas (fig. 1). No attempt was made to carry 
the investigation of the Cockfield Formation into Ar­ 
kansas, which is adequately covered by a report on the 
Tertiary aquifers of the Mississippi embayment (Hos- 
man and others, 1968, p. D22-D23). Futvire plans call 
for investigations and reports on the lower formations 
of the Claiborne Group and a summary report on all 
the aquifers of the Claiborne Group.

To accomplish the objectives of the investigation, 
data derived from electric logs of oil, gas, and other test 
wells, together with data from hydrologic tests, were 
used to prepare geologic and hydrologic maps and cross 
sections. The interpretation of the meaning and sig­ 
nificance of the phenomena exhibited by the data on th<* 
maps and sections constitutes the body of the report.

Bl
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FIGURE 1. Location of report area.
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GEOLOGY

The Cockfield Formation (Vaughn, 1895, p. 220) of 
Louisiana and Mississippi and the equivalent Yegua 
Formation (Durable, 1892, p. 124, 148-154) of Texas 
consist of sands, silts, and shales and minor amounts 
of lignite, bentonite, gypsum, and limestone. The sands 
are composed predominantly of fine- to medium-sized 
subangular to rounded quartz grains. The shales are 
generally silty and gray to dark chocolate brown. Gyp­ 
sum is found in Texas, particularly in the southern part 
where it occurs as disseminated grains or as stringers 
in clays and shales of the Yegua Formation. Glauconitic 
sands are found in the upper part of the Cockfield 
Formation in Sabine Parish, La. (Treadwell, 1954, p. 
2307). Some marine fossils, oyster beds, and limestone 
lenses have been found in the Yegua Formation in

Texas (Sellards and others, 1932, p. 674; Lonsdale, 
1935, p. 41; Lonsdale and Day, 1937, p. 56).

The correlation of the Cockfield and Yegua Forma­ 
tions as used in this report is shown in plates 1 and 8. 
The correlations shown are based on electrical charac­ 
teristics and may not correspond exactly to formational 
boundaries established from paleontological or paleo- 
botanical evidence, but they do define what may be con­ 
sidered the Cockfield and Yegua aquifer system.

STRUCTURE

The structure-contour map (pi. 2, sheets 1 and 2) 
shows the altitude and configuration of the top of the 
Cockfield and Yegua Formations. Faulting has been 
shown only where it is necessitated by the magnitude 
and abruptness of changes in altitude of the top of the 
formation.

In northeastern Louisiana the regional dip of 15-50 
feet per mile is to the east-southeast and southeast into 
the Mississippi embayment. In west-central Mississippi 
the regional dip is 15-50 feet per mile to the west- 
southwest and southwest into the Mississippi embay­ 
ment. The influence of the gulf coast geosyncline 
becomes dominant in central and southern Louisiana, 
where the regional dip is 50-100 feet per mile to the 
south, and in southern Mississippi, where the re­ 
gional dip is 25-100 feet per mile to the south-south­ 
west. In eastern Texas, from Sabine and Jasper 
Counties westward through Walker and Montgomery 
Counties, the regional dip is 100-250 feet per mile to 
the south-southeast into the gulf coast geosyncline. 
From Walker and Montgomery Counties, Tex., south- 
westward through Webb and Duval Comities, the re­ 
gional dip is 150-250 feet per mile southeastward into 
the gulf coast geosyncline.

Major structural features shown on the structure- 
contour map of the Cockfield and Yegua Formations 
are the north limb of the gulf coast geosyncline, Missis­ 
sippi embayment, Jackson dome, and La Salle arch. 
The Wiggins arch and Perry basin of southern Missis­ 
sippi (Murray, 1961, p. 107) are reflected on the isopach 
map of the Cockfield and Yegua Formations (pi. 3, 
sheet 1), but, because of post-Cockfield tilting, show 
Jittle definition on the structure-contour map. All the 
major structures were developing during Cockfield and 
Yegua time, as reflected by the thickening or thinning 
of the Cockfield and Yegua Formations over the struc­ 
tures. (Compare pi. 2, sheets 1 and 2, and pi. 3, sheets 
1 and 2.) Minor structures developing during Cockfield 
and Yegua time were the salt domes of eastern Louisi­ 
ana and western Mississippi and the oil-field structures 
of southern Jasper, Newton, and Polk Counties, Tex.
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THICKNESS

There are two depocenters in the Cockfield and Yegua 
Formations. One lies in Montgomery, Liberty, and 
Hardin Counties, Tex., and the other in Duval and 
Webb Counties, Tex. In Montgomery and Hardin Coun­ 
ties the thickness of the formation is in excess of 1,700 
feet (pi. 3, sheet 2). This depocenter is thought to rep­ 
resent the coalescing of a delta formed by an ancestral 
Trinity River (Sellards and others, 1932, p. 671) and 
a southwestward-extending lobe of a delta formed by 
the ancestral Mississippi River system. The depocenter 
extends east-northeast into Louisiana, and the thickness 
of the formations gradually diminishes to 750 feet on 
the west side of the Mississippi embayment. To the 
northwest of the depocenter, the thickness of the Cock- 
field and Yegua Formations decreases to about 900 feet 
near the outcrop in Texas and to about 500 feet near the 
outcrop in Louisiana. In western and southwestern 
Mississippi the Cockfield Formation is 400 feet thick. 
The minimum thickness of the Cockfield Formation is 
in the Wiggins arch area of southern Mississippi, where 
it is less than 50 feet. In the depocenter in Duval and 
Webb Counties, Tex., the thickness of the Yegua Forma­ 
tion is in excess of 1,500 feet and is thought to repre­ 
sent accumulation in the delta of an ancestral Rio 
Grande (Sellards and others, 1932, p. 671). Between the 
two depocenters in Texas the Yegua Formation has a 
fairly uniform thickness of about 900-1,000 feet.

Local variations in thickness occur over Jackson 
dome, Perry basin, salt domes, and oil-field structures. 
(See pi. 2, sheets 1 and 2, and pi. 3, sheets 1 and 2.) 
Some local anomalous thinning of the Cockfield and 
Yegua Formations is probably a result of normal 
faulting.

LITHOLOGIC VARIATIONS AND INTERPRETATIONS 
OF DEPOSITIONAL HISTORY

The Cockfield and Yegua Formations are extremely 
variable in lithologic character, both laterally and 
vertically. An effective means of representing this varia­ 
tion in character is with a sand-percentage map on 
which the ratio of the total thickness of the sand in the 
formation to the total thickness of the formation is 
expressed as a percentage; that is:

Sand percentage = total thickness of sand 
total thickness of formation X 100.

The sand percentages for each logged section of the 
Cockfield and Yegua Formations were plotted on a map 
and grouped by 10-percent increments up to 80 percent. 
All values over 80 percent were included in one category 
(pi. 3, sheet 1). Another map, which complements the 
sand-percentage map, shows the thickest vertically

continuous sand body in the Cockfield and Yegua 
Formations and is designated the maximum sand-unit 
thickness map (pi. 4, sheets 1 and 2).

Based on the pattern of sand concentration (pi. 3) 
and of maximum sand-unit thickness distribution (pi. 
4), the Cockfield and Yegua Formations can be divided, 
for convenience of discussion, into two areas which seem 
to have differences in depositional environment. One 
area includes Louisiana, Mississippi, and that part of 
Texas extending westward from the Sabine River to 
Walker County; the other area is that part of Texas 
extending from Walker County south westward through 
Duval County and into Webb County.

The remarkable feature of the Louisiana-Mississippi- 
eastern Texas area is the well-developed lineal pattern 
of sand concentration and sand-unit thickness elements 
that trend north and northeast generally normal to the 
orientation of the presumed Cockfield and Yegua shore­ 
line (pi. 3, sheets 1 and 2, and pi. 4, sheets 1 and 2). The 
pattern of sand concentration and sand-unit thickness 
distribution is interpreted as the pattern of sediment 
distribution that resulted from deposition in the intri­ 
cate system of channels and intervening swamps, 
marshes, and lakes developed in the delta and fluvial 
plain area of an ancestral Mississippi River.

Long meandering areas of high sand concentration 
(>40 percent sand) are considered to be the sites of 
channel development that persisted throughout much of 
Cockfield and Yegua time. The general conformity in 
trend of the axes of thickening of maximum sand units 
and areas of high sand concentration is in harmony with 
the above interpretation. (Compare pi. 3, sheet 1, and 
pi. 4, sheet 1.) Two good examples of high-sand-con­ 
centration lineaments occur in Mississippi. One linea­ 
ment extends generally southward from Yazoo County 
throng1!! Hinds, Copiah, Lincoln, and Franklin Counties 
into Amite County. The other lineament extends from 
eastern Scott County southwestward through Smith, 
Covington, and Jefferson Davis Counties (pi. 3, sheet 1).

The percentage concentration of sand generally de­ 
creases from western and central Mississippi to the 
south and southwest. The axes of thickening of maxi­ 
mum sand units in the Louisiana-Mississippi-eastern 
Texas area probably represent the general location of 
channels at various times during the deposition of the 
Cockfield and Yegua Formations. The axes of thicken­ 
ing emphasize the interweaving of channels that would 
result from shifting channel positions in an area of low- 
gradient streams and heavy alluviation such as a delta 
and fluvial plain complex. Maximum sand-unit thick­ 
nesses greater than 100 feet are common in Mississippi 
and northeastern Louisiana but are rare in central and 
western Louisiana and eastern Texas.
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In the Louisiana-Mississippi-eastern Texas area, the 
sand-percentage and sand-unit thickness maps indicate 
that a large delta was formed during Gockfield and 
Yegua time. The seaward edge of the Cockfield and 
Yegua delta extended from Wayne County, Miss., 
southwestward to southern Walthall County, Miss., 
thence west to west-southwest into eastern Texas (pi. 3, 
sheets 1 and 2). The sediments in this delta complex are 
predominantly continental, but many short-lived, local­ 
ized invasions of the sea probably occurred which gave 
rise to the deposition of interfingering nearshore marine 
and brackish-water sediments. Alongshore and offshore 
bars were deposited off the mouths of various distribu­ 
taries of the delta system. The interpretation of the 
deltaic environment is in accord with findings of earlier 
investigators who worked in more local areas (Fisk, 
1938, p. 88-89; 1940, p. 131-132; Grim, 1936, p. 137; 
Huner, 1939, p. 125; Thomas, 1942, p. 73).

In the area from Walker County, Tex., southwest- 
ward to Duval and Webb Counties, the orientation of 
the lineation of the sand-concentration pattern and of 
the maximum sand units is generally in a northeast 
direction parallel to the orientation of the postulated 
shoreline (pi. 3, sheet 2, 'and pi. 4, sheet 2). Maximum 
sand units more than 100 feet thick are relatively un­ 
common and of limited areal extent. The pattern of 
sand concentrations and of the maximum sand units is 
suggestive of deposition of sands as alongshore and 
nearshore bars interfingering with lagunal and near- 
shore clays and silts. The interpretation of the nearshore 
environment is supported by the reports of the occur­ 
rence of oyster reefs in the Yegua (Lonsdale, 1935, 
p. 41-43; Lonsdale and Day, 1937, p. 55; Sellards and 
others, 1932, p. 674). In some areas, however, the long 
dimensions of the maximum sand units are oriented 
normal to the postulated shoreline, and the axes show 
a bifurcating pattern. These areas probably represent 
sands deposited in stream channels on small deltas 
formed at the mouths of predecessors of such streams 
as the Colorado and Guadalupe Rivers (pi. 4, sheet 2).

In southern McMullen County and in Duval County, 
the pattern of high sand concentration and of maximum 
sand-unit thickness together with the increased thick­ 
ness of the Yegua Formation suggests a delta formed 
by an ancestral Eio Grande (pi. 3, sheet 2, and pi. 4, 
sheet 2).

The environmental conditions during the deposition 
of the Cockfield and Yegua Formations were in most 
respects a replica of the conditions of the present and 
of the recent past. The master system of sediment con­ 
tribution was a Mississippi River system that probably 
differed from the present Mississippi River only in its 
exact location. Lesser contributions of sediment were

made by streams that were the ancient counterparts of 
such present-day streams as the Rio Grande, Trinity, 
Colorado, and Guadalupe Rivers.

HYDROLOGY

In the Cockfield and Yegua Formations, we are deal­ 
ing with an aquifier system made up of a number of im­ 
perfectly connected sand bodies, any one of which may 
act locally and for short periods of time as a distinct 
hydraulic unit.

PERMEABLITY AND TRANSMISSIBILITY IN RELATION 
TO GEOLOGIC FACTORS

In the Cockfield and Yegua Formations, individual 
sand units are extremely variable in thickness (pi. 4, 
sheets 1 and 2, and pi. 8). The coefficient of permeabil­ 
ity 1 also has a wide range in value from 15 gpd per 
sq ft (gallons per day per square foot) for sands 15-20 
feet thick to about 400 gpd per sq ft for sands 100 feet 
or more thick. Data on the coefficient of permeability 
of the sands of the Cockfield and Yegua Formations are 
less abundant than those for the Sparta Sand. Available 
permeability data suggest a relation between permea­ 
bility and sand thickness similar to that noted for the 
Sparta Sand; that is, the coefficient of permeability in­ 
creases as the sand thickness increases (Payne, 1968, p. 
A5). The following tabulation shows the average co­ 
efficient of permeability for sand units ranging from 
15 to 150 feet in thickness.

Coefficient of permeability 
gpd per sq ft

Sand
thickness
(ft)
15-25 __________________ SQ 
25-50 __________________ 130 
50-75 _________________________ 230
75-100 _________________ 270-300

100-150 _________________ 400-500

The permeability values were used to calculate the 
transmissibility 2 of the cumulative thickness of sands

1 The coefficient of permeability is defined as the rate of flow of water, 
in gallons per day, through a cross-sectional area of the aquifer 1 foot 
square under a hydraulic gradient of 100 percent, or 1 foot per foot at 
a temperature of 60°F (16°C). The "field" coefficient of permeability is 
the same rate of flow under the prevailing conditions of water tem­ 
perature (Meinzer and Wenzel, 1942, p, 452).

- The coefficient of transmissibility is the field coefficient of perme­ 
ability multiplied by the thickness, in feet, of the aquifer (Theis, 1935, 
p. 520). Bredehoeft (1964, p. D168) elaborated on this definition to 
account for ain aquifer made up of layers of differing permeabilities

where »'=!, 2, 3, ... n layers of differing permeability,
T = transmissibility, 

Ki = permeability of the i layer, 
and mi = thickness of the i layer.
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in the Cockfield Formation of Louisiana and Missis­ 
sippi (pi. 5). No calculations of the transmissibility of 
the Yegua Formation of Texas were made because suffi­ 
cient data on permeability are available only in a 
rather limited area in eastern Texas. Information on 
transmissibility of the Yegua Formation in a substan­ 
tial part of eastern Texas has been published recently 
(Anders, 1967, p. 25).

Transmissibility of the cumulative sand thickness of 
the Cockfield Formation, although extremely variable 
locally, is generally higher in western and west-central 
Mississippi than it is to the southeast in Mississippi and 
to the west and southwest in Louisiana (pi. 5). In 
western and west-central Mississippi, the maximum co­ 
efficient of transmissibility calculated was 170,000 gpd 
per ft (gallons per day per foot), whereas in Louisiana 
the maximum coefficient of transmissibility calculated 
was 85,000 gpd per ft. The generally higher transmis­ 
sibility in western and west-central Mississippi is a 
reflection of the higher sand concentration and develop­ 
ment of thicker and more extensive maximum sand 
units in western and west-central Mississippi than else­ 
where in the area. (Compare pi. 3, sheet 1; pi. 4, sheet 1; 
and pi. 5.)

RECHARGE AND DISCHARGE

Recharge of the Cockfield Formation of Louisiana 
and Mississippi is accomplished directly by precipita­ 
tion in the outcrop area, by movement of water from 
other aquifers, and by a very minor amount of infiltra­ 
tion from streams. The Yegua Formation of Texas is 
recharged by precipitation in the outcrop area and by 
infiltration of water from streams and movement of 
water from other aquifers.

Discharge from the Cockfield and Yegua Formations 
occurs by withdrawal from wells and by natural dis­ 
charge. The largest withdrawals by wells have occurred 
in the Jackson, Miss., area, where the Cockfield Forma­ 
tion serves as the source of supply for industries and for 
smaller municipalities in the environs of Jackson. 
Natural discharge takes place primarily by leakage of 
water from the Cockfield and Yegua Formations 
through the overlying confining beds and, to a lesser 
extent, by movement of water into streams incised into 
the formations.

REGIONAL FLOW

Artesian conditions exist in the greater part of the 
area. The flow of water in an artesian aquifer is brought 
about by differences in head modified by friction and 
molecular attraction. The 'amount of water that has 
been withdrawn by pumping from the Cockfield and 
Yegua Formations is a negligible part of the water that 
is contained in the formation; therefore, from the re­

gional standpoint the Cockfield and Yegua Formations 
form a balanced hydrologic system in which the amount 
of recharge is equal to the amount of discharge. In 
Texas, western Louisiana, and southeastern Mississippi, 
the direction of flow is down the regional dip toward the 
gulf coast geosyncline- In eastern and central Louisiana 
and western and central Mississippi, the direction of 
flow is toward the Mississippi River alluvial valley. The 
general directions of flow are reflected by the direction 
of increasing depth and limit of fresh water and the 
slope of the piezometric surface (pi. 6) and by the direc­ 
tions of increasing dissolved-solids content (pi. 7, sheets 
land 2, and pi. 8).

The relations of recharge, discharge, and regional 
flow in the Cockfield and Yegua Formations to the geo­ 
logic framework and differences in piezometric surfaces 
are similar to the relations of these factors in the Sparta 
Sand. As the relations are discussed in some detail in the 
chapter on the Sparta Sand (Payne, 1968, p. A6-A8), 
they will only be briefly summarized at this point. Water 
from precipitation in the upland areas enters the Cock- 
field and Yegua Formations either directly or by down­ 
ward percolation through surficial material. Within 
short distances downdip the water is in an artesian sys­ 
tem confined by the clays of the Cook Mountain Forma­ 
tion and Jackson Group. In the area where the piezo­ 
metric surface of the Cockfield and Yegua is higher than 
that of the Sparta Sand and lower than the overlying 
aquifers, the flow is generally downward nearly parallel 
to the dip of the formation. Where the piezometric sur­ 
face of the Oockfield and Yegua becomes higher than 
the piezometric surface of the overlying aquifers, gen­ 
erally in the deeper fresh-water areas near the limit of 
fresh water, the dominant movement is upward (pi. 
8). The effect of these relations on the dissolved-solids 
content of the waters in the 'Cockfield and Yegua forma­ 
tions is discussed in tihe section on "Dissolved Solids" 
(p. B10-B11).

The relation of rate of flow and degree of flushing by 
fresh water to the thickness, relative continuity, and 
orientation of the sand bodies in the Cockfield and 
Yegua Formations is similar to that for the Sparta Sand 
(Payne, 1968, p. A8). In areas of low sand concentra­ 
tion (pi. 3, sheets 1 and 2), the sand bodies are usually 
relatively thin and form a disconnected or imperfectly 
connected system where flow is retarded by intervening 
shales, clays, and silts. In areas of high sand concentra­ 
tion and particularly along channel paths such as in 
western and south-central Mississippi (axes of thick­ 
ening, pi. 4, sheet 1) where massive overlapping sand 
bodies occur, the reduction in permeability is only slight 
to moderate, and freedom of water movement is not 
drastically affected. The channel paths, particularly

376-996 O - 70 - 3
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where oriented generally parallel to the direction of 
flow, are favorable areas for water movement and, con­ 
sequently, are an important factor in the degree of 
flushing by fresh water. (Compare pis. 5, 6, and 7.) In 
Texas the maximum sand units of the Yegua Formation 
are thinner, of limited extent, and oriented generally 
normal to the direction of flow. The freedom of water 
movement is greatly impeded, and there is considerably 
less flushing by fresh water than in western and central 
Mississippi (pi. 7, sheets 1 and 2). In Louisiana, poorer 
and less extensive development of favorably oriented 
sands in the Cockfield Formation also contributes to 
less extensive flushing by fresh water downdip from the 
outcrop area.

CHEMICAL QUALITY OF WATER AND RELA­ 
TIONS TO GEOLOGIC AND HYDROLOGIC 
FACTORS

Data from chemical analyses in the files of the Water 
Resources Division of the U.S. Geological Survey and 
in published reports, together with calculations from 
electric logs of dissolved-solids content, have been used 
to prepare a map showing some of the important chemi­ 
cal characteristics of waters in the Cockfield and Yegua 
Formations (pi. 7) .3 The relation of the regional varia­ 
tions of quality of water in the Cockfield and Yegua 
Formations to geologic and hydrologic factors has been 
analyzed by comparing the map showing the chemical 
characteristics to maps showing geologic and hydrologic 
data (pis. 3,4,5, and 6).

The chemical analyses represent waters in the zones 
sampled and are not representative of the water quality 
in other zones and in other areas of the Cockfield and 
Yegua Formations. Therefore, in the boundary areas 
of any water province, which may be outlined from the 
analyses of individual zones, it is reasonable to assume 
that other sands in the Cockfield and Yegua Forma­ 
tions in the same area may have water of a different 
chemical type.

CHEMICAL PROVINCES
Only the constituents that make up the bulk of 

dissolved-solids content as shown by analyses of water 
from the Cockfield and Yegua Formations are con­ 
sidered in this report. Regionally, sodium is the domi­ 
nant cation (table 1). Calcium and magnesium occur 
in significant amounts in and for relatively short dis­ 
tances downdip from the outcrop area and in the area 
where the Cockfield Formation is directly overlain or in 
proximity to the Mississippi River alluvium. As hard­ 
ness is a reflection of the calcium magnesium content, a

3 Since October 1, 1967, the U.S. Geological Survey has reported 
results of chemical analyses in milligrams per liter (mg/1) instead of 
in parts per million (ppm). In the fresh through moderately saline 
water range, mg/1 are virtually equal to ppm.

line showing the areas in which the hardness is greater 
than 60 milligrams per liter (mg/1) (the division be­ 
tween "hard" and "soft" water) is a convenient means of 
indicating areas in which the calcium magnesium con­ 
tent is apt to be in excess of 20 mg/1 (pi. 7). An ex­ 
amination of the distribution of the hardness indicates 
a rapid reduction in calcium and magnesium content 
in the direction of flow and is probably a reflection of 
the base exchange capacities of the clays in and directly 
overlying and underlying the Cockfield and Yegua 
Formations. Limited data indicate, however, that as 
the degree of flushing decreases, the calcium magnesium 
content increases. (See wells TLO-1, TMM-1, and 
LRa-1, table 1.)

The dominant anions of the waters from the Cock- 
field and Yegua. Formations are bicarbonate (HCO3 ), 
chloride (Cl), and sulfate (SO4 ). As suggested by Hem 
(1959, p. 155-156), the ratios of these anions in milli- 
equivalents per liter (me/1) were calculated and the 
resulting values plotted on a map. Examination of the 
data showed that, based on these rational values, the 
waters of the Cockfield and Yegua Formations can 
logically be divided into three chemical provinces: the 
bicarbonate-water province; the chloride-water prov­ 
ince; and the sulfate-water province (pi. 7).

Bicarbonate-water province. This province is de­ 
fined by the condition that the ratio of the bicarbonate 
anions to the sum of the chloride and sulfate anions is 
^1. The province covers a narrow strip in and a 
short distance downdip from the outcrop in west-central 
Louisiana. From Winn Parish northeastward the 
bicarbonate-water province widens abruptly and covers 
an appreciable area in central and northeastern Louisi­ 
ana. It also includes the greater part of Mississippi, 
but in Texas it is limited to a narrow band extending 
from the Louisiana-Texas line west-southwestward to 
Brazos County and to a small area in Gonzales County. 
(See pi. 7, sheet 2.) The distribution of the bicarbon­ 
ate-type water in the Cockfield Formation is related to 
the extent, in both time and space, of flushing by fresh 
water. This is indicated by comparing the position of 
the limit of the bicarbonate province, the line where 
bicarbonate: chloride + sulfate=1, to the limits of fresh 
water (pi. 6 and the 1,000 mg/1 minimum dissolved- 
solids line, pi. 7). In Louisiana the limit of the bicar­ 
bonate-water province coincides roughly with the limit 
of fresh water (less than 1,000 mg/1 dissolved solids), 
whereas in Mississippi the bicarbonate-water province 
extends to the 3,000 mg/1 dissolved-solids content line. 
This difference is a result of the fact that the piezometric 
surface of the Cockfield Formation in Mississippi is 
considerably higher than in Louisiana and that there 
has been a deeper and more thorough flushing by fresh
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water of the Cockfield Formation on the Mississippi 
side of the saline-water area under the alluvial valley. 
(See pis. 6 and 7, fig. 2, and the discussion of "Dis­ 
solved Solids," p. B10-B11.)

Chloride-water province. This province is defined 
by the condition that the ratio of the chloride anions 
to the sum of the bicarbonate and sulfate anions is ^ 
1. In Louisiana it corresponds, in general, to the 
area where the minimum dissolved-solids content of 
the waters in the sand of the Cockfield Formation is 
greater than 1,000 mg/1 (pi. 7). In a few small areas in 
Louisiana, such as in La Salle and Morehouse Parishes, 
fresh waters (less than 1,000 mg/1 dissolved solids) are 
of the chloride type. In Mississippi the chloride-water 
province is largely confined to that area in which the 
minimum dissolved-solids content is greater than 3,000 
mg/1 (pi. 7). In Texas the chloride-water province 
includes all the area underlain by the Yegua Forma­ 
tion except for a narrow band lying along and a short 
distance downdip from the outcrop. The chloride-type 
waters represent, in general, the areas of discharge 
along the flanks of the gulf coast geosyncline and 
under the Mississippi River alluvial valley where there 
has been little or no flushing by fresh water (pis. 6, 7, 
and 8).

Sulfate-water province. The analyses of waters 
from the sands of the Cockfield and Yegua Formations 
were studied in relation to information on the mineral- 
ogical content of the Cockfield and Yegua and the 
subjacent and superjacent formations. The results of 
this examination suggested that the presence of sulfate 
in proportions greater than 30 percent of the total 
anions shown in the analyses of the waters from the 
Cockfield and Yegua was indicative of the presence of 
gypsiferous beds in the Cockfield and Yegua and asso­ 
ciated formations. As this is of geological significance, 
the condition where the ratio at the sulfate anions to 
the sum of the bicarbonate and chloride anions is =^ 
0.5 was chosen to define the sulfate-water province. 
This ratio limit means that the sulfate-water province 
may include waters that are mixed bicarbonate-, 
chloride-, and sulfate-type waters (table 1, well TGz-1) 
as well as true sulfate-type waters (table 1, well TK-1.) 
Almost all the sulfate-water province lies in Texas, 
where it extends as a virtually continuous belt, lying 
in and a short distance downdip from the outcrop, from 
Brazos County southwestward to the border between 
the United States and Mexico at Laredo, Tex. (pi. 7). 
Northeastward from Brazos County to the Louisiana- 
Texas line, there are a few small isolated areas of 
sulfate-type waters. In Louisiana there are two small 
areas of sulfate water, one in Sabine Parish and the 
other in Caldwell Parish. In Mississippi a small area 
of sulfate water is found in Eankin County.

DISSOLVED SOLIDS

The mapping of the dissolved-solids content of water 
on a regional scale is an excellent means of gaining a 
better understanding of the relation of water move­ 
ment and variations in chemical quality of waters to 
geologic and hydrologic factors. The relation of 
dissolved-solids content to the specific conductance of 
water is constant up to concentrations of at least 10,000 
mg/1 dissolved solids (fig. 2). A satisfactory method 
for calculating the dissolved-solids content of water in 
an aquifer from the long-normal resistivity curve of 
electric logs was described by Turcan (1966, p. 3-13).4 
This method was used to calculate the dissolved-solids 
content of water in the sands of the Cockfield and 
Yegua Formations. The values obtained from the 
calculations, together with data from chemical 
analyses, were used to prepare a map showing the 
regional variations of the dissolved-solids content of 
water in the sands of the Cockfield and Yegua Forma­ 
tions (pi. 7).5 To avoid mechanical errors, no calcula­ 
tions were made for sands less than 20 feet thick.

For Louisiana and Mississippi, three sets of values 
were calculated to show the range of variation of the 
dissolved-solids content of water in the sands of the 
Cockfield Formation. These are (1) the minimum dis­ 
solved-solids content, which represents the water having 
the lowest dissolved-solids content in the entire Cock- 
field section; (2) the maximum dissolved-solids content, 
which represents the water having the highest dissolved- 
solids content in the entire Cockfield section; and (3) 
the weighted average dissolved-solids content, which is 
derived by assuming an equal porosity for all the sands 
and weighting the dissolved-solids content proportion­ 
ately for the thickness of each sand in the section for 
which calculations were made (Payne, 1968, p. A14). 
For Texas, only the minimum and maximum dissolved- 
solids contents are shown.

The distribution of the dissolved-solids content of 
the waters in the Cockfield and Yegua Formations is a 
reflection of the effects of geologic and hydrologic fac­ 
tors on water movement and on the extent of flushing 
by fresh water. The influence of the development and 
orientation of the massive sand units (channel paths)

* Turcan's method is based on the equation:

F Ro

where
*V=the field formation resistivity factor,

jR 0 =the resistivity read from the long-normal curve corrected to 77°P (25°C),
jR«,=the resistivity of the water at 77°F (25°C).

5 On the map showing the dissolved-solids content of waters in the 
sands of the Cockfield and Yegua Formations (pi. 7), the contour 
intervals of 500, 1,000, 3,000, 10,000 and S5,000 mg/1 dissolved solids 
were chosen on the basis of the standards proposed by the U.S. Health 
Service (1962) and the salinity classification given by Winslow and 
Kister (1956, p. 5).
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50,000

FIGURE 2. Relation of specific conductance and water resistivity to dissolved-solids content of water from the sands of the
Coekfield and Yegua Formations.

on the flow of the fresh water and the extent of flushing 
by fresh water is well reflected. In Mississippi where 
massive sand units are well developed and generally 
oriented with the long dimension parallel to the direc­ 
tion of flow, the contours representing the dissolved- 
solids content show pronounced deflection in a downdip 
or downflow direction along the axes of thickening of 
the maximum sand units. (Compare pis. 5, 6, and 7.) 
The correlation of dissolved-solids and maximum sand 
units is less perfect in Louisiana where the maximum 
sand units are less well developed and less favorably 
oriented with respect to direction of flow. In Texas 
where the massive sand units in the Yegua Formation 
are generally not well developed and where the long 
dimension of the maximum sand units is oriented gen­ 
erally normal to the direction of flow, there has been 
no extensive flushing by fresh water. This lack of flush­

ing by fresh water is indicated by the high dissolved- 
solids content of waters in the sands of the Yegua 
Formation in and short distances downdip from the 
outcrop (pi. 7).

The difference in altitude of the piezometric surface 
of the Coekfield Formation in Louisiana and the piezo­ 
metric surface of the Coekfield Formation in Mississippi 
is strikingly reflected in the map showing the dissolved- 
solids content of waters in the Coekfield (pi. 7). In 
Mississippi the pdezometric surface of the Coekfield is 
considerably higher than it is in Louisiana (pis. 6 and 
8). This relation of the piezometric surfaces accounts, 
in part, for the greater penetration of lower dissolved- 
solids content waters downdip from the outcrop in 
Mississippi than in Louisiana (pis. 6, 7 and 8). The 
"stacking" of the isodissolved-solids contours on the 
west or Louisiana side of the saline-water area as com-
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pared to the "spreading" of the contours on the east or 
Mississippi side is also a reflection, in part, of the differ­ 
ences in altitude of the piezometric surfaces.

Plate 8 is a section extending from northern La Salle 
Parish, La. to northwestern Hinds County, Miss., show­ 
ing the calculated dissolved-solids content of waters in 
the sands of the Cockfield Formation, Sparta Sand, 
Meridian Sand, Wilcox Formation, and Wilcox Group. 
The dissolved-solids content of the various sands has 
been plotted graphically, using the zero-resistivity line 
of the electric log as the zero base for the dissolved- 
solids content. As can be seen, the piezometric surface 
of the water in the Cockfield Formation on the east 
side of the Mississippi River alluvial valley is 50-100 
feet higher than the corresponding piezometric surface 
on the west side of the valley. In response to the differ­ 
ence in head reflected in this difference in water levels, 
the base of the fresh water in the Cockfield Formation 
is 400-500 feet lower on the east side of the alluvial 
valley than on the west side. (See also pi. 6.) Further­ 
more, the lateral increase in dissolved-solids content of 
the waters in the sands of the Cockfield Formation is 
much more gradual on the east side of the alluvial valley 
than on the west side, a condition that is also a response, 
in part, to the differences in altitude of the opposing 
piezometric surfaces of the waters of the Cockfield. In 
effect, the saline-water core is under the western part of 
the Mississippi River alluvial valley and situated well 
up on the west flank of the Mississippi embayment (pi. 
8, and compare pis. 2 and 7). Physical conditions and 
effects similar to those discussed for the Cockfield can 
be seen to occur in the Sparta and Meridian Sands 
(pi. 8).

The relation of the piezometric surface of the Cock- 
field Formation to the piezometric surface of the Sparta 
Sand is reflected in the dissolved-solids content of waters 
in the two formations.

Along the marginal areas of the Mississippi River 
alluvial valley, the piezometric surface of water in the 
Sparta Sand is higher than the piezometric surface of 
water in the Cockfield Formation (pi. 8). This relation 
of piezometric surfaces in the two formations causes 
water in the Sparta Sand to move upward into the Cock- 
field Formation. On the east side of the Mississippi al­ 
luvial valley, fresh water in the Sparta has moved 
farther downdip than has the fresh water in the Cock- 
field, and fresh water in the Sparta has under-run saline 
waters in the Cockfield. (See pi. 6, note relative posi­ 
tions of limits of fresh water, and pi. 8.) The upward 
movement of fresher waters from the Sparta Sand into 
the Cockfield Formation has probably aided in the re­ 
duction of the dissolved-solids content of the waters of 
the Cockfield Formation on the east side of the Missis­

sippi River alluvial valley and thus contributed to thfe 
previously mentioned downdip displacement and 
"spreading" of the contours showing dissolved-solids 
content (pis. 7 and 8).

CONCLUSIONS
1. In the Cockfield and Yegua Formations the most 

important geological factor affecting the hydrology is 
the mode of deposition. The area in which the Cockfield 
and Yegua Formations are of prime importance as a 
source of fresh water is the area in which well-developed 
channel sands, characteristic of deltaic and fluvial plain 
areas, were deposited.

2. In the channel sands the coefficient of permeability 
increases with an increase in thickness of the sand unit.

3. A higher degree of flushing takes place along the 
axes of thickening of well-developed and favorably 
oriented maximum sand units (channel paths) than in 
intervening areas.

4. Well-developed maximum sand-unit areas offer 
optimum locales for exploration for large supplies of 
fresh and saline ground water.

5. The regional flow pattern of the fresh ground 
water, in which the Cockfield is of prime importance as 
a fresh-water aquifer, is controlled by the Mississippi 
River alluvial valley.

6. Leakage of fresh water from the Sparta Sand into 
the Cockfield Formation has contributed substantially 
to the downdip extension of fresh water in the Cock- 
field on the east side of the Mississippi River alluvial 
valley.

7. High sulfate content in waters from the Cockfield 
and Yegua Formations are generally related to the gyp­ 
sum content of the Cockfield and Yegua and associated 
formations.

8. Mapping and plotting of the dissolved-solids con­ 
tent of the waters of the Cockfield and Yegua Forma­ 
tions are effective means for better understanding the 
relations of the geology and hydrology of the formation.

9. The geologic, hydrologic, and chemical maps of the 
Cockfield and Yegua Formations constitute a base for 
the quantitative evaluation and description of the Cock- 
field and Yegua aquifer system.
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